Previous research has begun to delineate the complicated reactions experienced by bone marrow and stem cell donors. The purpose of this study was to examine the influence of the donor-recipient relationship on the related donor's emotional reactions. Twenty-eight adult stem cell donors completed questionnaires before donation, 30 days post stem cell infusion, and 1 year after infusion. Questionnaires addressed the donor-recipient relationship, depression, mood, guilt and responsibility, self-esteem, ambivalence about donation and reactions to the donation itself. Results indicated that most donors reported little ambivalence about donation, and their reactions to the donation itself were generally positive. Closer and more positive donor-recipient relationships were associated with less anticipated guilt and responsibility if the transplant did not work. The relationships between the donor and the recipient did not change over time. Mood disturbance and depression were low overall, not related to the donor-recipient relationship, and did not significantly change over time. These results indicate that related stem cell donors are generally without significant emotional distress, and are comfortable with the donation process. Further, a more positive relationship with the recipient may help donors to avoid feeling guilty and responsible if the transplant does not work. 
INTRODUCTION
For individuals with hematologic malignancies and other nonmalignant diseases, bone marrow or peripheral blood stem cell transplantation can significantly decrease mortality. As these treatments have become more common, attention has been focused on the donors (both related and unrelated), with research into their psychological and physical reactions to the donation process. Most studies initially focused on unrelated donors, with more recent work expanding to the study of related bone marrow or stem cell donors. There are similarities in the experience of donation for related and unrelated bone marrow/stem cell donors, however, the psychological experience could be more complicated for related donors than for unrelated donors. Thus, it is important to examine the psychosocial impacts of related stem cell donation to enable caregivers and providers to adequately address the needs of this population.
One early study characterized the motivations of unrelated bone marrow donors, and reported several different motives for donating. 1 Exchange-related motives were the most common (45%), reflecting an awareness of the costs and benefits of donation. This type of motivation was also associated with more pre-donation ambivalence and more negative psychological reactions post donation than some of the other motives.
Others have reported that related and unrelated bone marrow donors have similar levels of ambivalence about donation, anxiety and self-esteem. 2 Related donors, however, reported more depression, both pre-and post-donation; they also reported more pain after the procedure than unrelated donors. These researchers interpreted the increased depression and pain as potentially due to the increased stress associated with having a severely ill family member (that is, being related).
Wolcott et al. 3 reported little emotional distress, high selfesteem and high life satisfaction among adult (ages 17-49 years) related bone marrow donors. The donor's psychological status was also associated with the recipient's health, suggesting that negative changes in recipient health might result in negative impacts on the donor. A later study 4 confirmed the findings of high self-esteem and happiness in adult related donors predonation. Over the first year after donation, however, donors reported decreases in the extent to which they felt they helped their sibling and also decreases in the 'special meaning' of their lives because of donation. Interestingly, donors whose recipient had died ultimately reported higher self-esteem, happiness and satisfaction than donors whose recipients were still living; the authors suggested that this may be due to a relief of the concern that donors felt for their sibling as he/she struggled with medical issues.
Another group of younger sibling bone marrow donors (ages 9-28 years) reported fears about donation and a strong need for more information about the process, outcomes and complications. 5 A majority felt that being a donor had resulted in positive changes in their relationship with their sibling recipient, and some expressed regret at the complications experienced by their siblings.
More recently, Pillay et al. 6 studied 22 stem cell or bone marrow sibling adult donors. These individuals reported low ambivalence about donation, with 68% reporting that the decision was a natural choice that required little consideration. Fifty-five percent of the donors also reported that they were closer to their sibling recipient after donation. These authors described both positive and negative emotions experienced by donors before, during and post donation. Specifically, pre-donation was characterized by joy at being a match, but also anxiety about the process and outcome.
During the donation process, donors reported satisfaction at being able to help, with continued anxiety about the outcome. Post-donation was characterized by relief that the recipient's suffering was reduced and gladness at having done the procedure, but also guilt, responsibility, decreased mood and ongoing distress and anxiety about the recipient's health.
Several of the studies cited above have noted stressors and negative emotions that seem to be due to the relationship with the recipient. One major difference between related and unrelated donors is this relationship. Typically, related donors are a sibling, whereas unrelated donors have no relationship with the recipient at all and generally do not know who the recipient is. Early work on the experience of adult bone marrow donors has described an exaggerated sense of responsibility in related donors if the transplant is not successful, as well as 'psychological problems on follow-up that are directly related to the bone marrow transplant' (for example, dysphoria, failure) even if the recipient was still living. 7 Another early study reported variability in the adult donor's sense of responsibility that ranged from a limited sense of responsibility for only their own health before the donation to a strong sense of personal failure if the transplant failed. 8 There was also often an experience of failure emotionally, even though the donor intellectually knew they were not responsible for the failure of the transplant. But the converse was also true-donors felt personally satisfied and happy when the transplant was successful.
A more recent study with younger sibling donors (ages 7-20 years at the time of transplant) reported that those whose recipients had an unsuccessful outcome reported greater negative impacts and feelings of guilt, when compared with those whose recipients had a successful outcome. 9 These young donors also reported guilt if the sibling died. Regardless of outcome, these young donors reported feeling that they had 'no choice' in the decision to donate, and they also reported more concern over the psychological (rather than the physical) aspects of donation. Further, anger, guilt and blame were reported to occur particularly in those whose siblings had unsuccessful transplants. Wiener et al. have also reported guilt over poor outcomes in young (9-28 years old) sibling donors. 5 Other research assessed grief, guilt and responsibility in unrelated donors whose recipient had died. 10 Feelings of guilt and responsibility were uncommon, but grief occurred for many donors (22/23 in their sample). Grief was more intense if there was a stronger relationship with the recipient, suggesting that unrelated donors might be protected if contact with the recipient was limited. This again suggests that related donors might experience more grief due to poor outcomes because of their stronger relationship with the recipient.
Some researchers have documented changes in the donorrecipient relationship as a consequence of donation. In the study by Macleod et al., 9 the authors showed that young donors for successful transplants felt the donation improved family relationships generally and also their relationship with the recipient. Similarly, the study by Wiener et al. 5 noted that 21% of young sibling donors reported a closer relationship with the recipient.
With adult donors (with successful transplants), the findings are inconsistent. Although Pillay et al. 6 reported improvements in the relationship after donation, no change in the donor-recipient relationship was reported by Wolcott et al. 3 However, the quality of the relationship with the recipient has been associated with several measures of the recipient's health, suggesting that donors whose sibling recipients did less well were more at risk for negative psychological impacts. 3 In all the studies of related donors described above, the donors were siblings. A special and even more complicated situation may occur if the donor is a parent. One recent qualitative study found that parents often expressed simultaneous hope and fear and feelings that they would do anything for their child.
11 Consistent with the research described above, however, some parents also took responsibility for a poor outcome. These findings indicate that the impact of bone marrow or stem cell donation can be complicated for the donor, and especially for the related donor. Although the ability to perform peripheral blood stem cell transplantation has resulted in less risk and pain for donors (compared with bone marrow transplants), the psychological issues remain complex. Further, researchers and clinicians have begun to acknowledge that related donors may be more at risk for negative emotional experiences than unrelated donors. Several of the studies above suggest that emotional problems experienced by related donors are associated with the relationship with the recipient-a family member who is very ill. The purpose of the present study was to describe the psychological reactions of adult related stem cell donors before donation, after the infusion and a year later. It was expected that the donor-recipient relationship would have a role in donor emotional reactions such as depression, guilt, responsibility and mood.
MATERIALS AND METHODS

Participants and procedures
Participants were adult men and women who had agreed to be stem cell donors for a sibling. All English-speaking donors were given a packet of information explaining the study, including the consent document and the initial questionnaire. This initial packet was either mailed to the potential participant's home or was handed to them at a clinic visit. If they were interested in participating, they returned the materials. The second and third questionnaires were both mailed to the participant's home. Each mailing included a cover letter that reminded participants of the purpose of the study, and that continued participation was voluntary.
Participants completed the initial questionnaire within the 2 weeks before the harvesting of their stem cells (Time 1). The second questionnaire was completed within 1 week of the 30-day anniversary of the recipient's infusion of the stem cells (Time 2), and the third questionnaire was completed within 2 weeks of the 1-year anniversary of the stem cell infusion (Time 3). The absolute time between questionnaires varied. That is, although the second questionnaire was completed about 30 days after the infusion, the infusion was delayed in some cases, extending the time from the initial questionnaire to the second. The initial questionnaire was expected to take approximately 60 min to complete, the second took about 20 min and the third about 45 min.
Sixty-two individuals were provided with the study materials, and 28 (45%) agreed to participate and completed materials at Time 1 (predonation). If donors did not respond to our initial recruitment, they were not re-contacted. A total of 21 donors (75% of the initial sample) completed questionnaires at the second time point (30 days post infusion). Of these, 20 of the recipients were alive, and 1 had died. Four donors (of the original 28) did not return the questionnaire, and three were withdrawn from the study because the recipient died before the infusion (making it impossible to evaluate the impacts of donation because the infusion had not occurred). Seventeen donors returned questionnaires at Time 3 (1 year post stem cell infusion); for thirteen of these donors, the recipient was alive; four recipients had died in the year since the previous questionnaire.
Measures Table 1 contains a list of the measures contained in each questionnaire.
Demographics. Donors were asked their age, gender, marital status, relationship to the recipient, race, education and religion. They were also asked for some information about the recipient, including the recipient's age, gender and diagnosis.
Relationship closeness. The Autonomy and Relatedness Inventory (ARI) 12 is a 30-item scale that measures relationship quality, on eight relationship dimensions (for example, listening, control, acceptance) that cover positive and negative aspects of relationships. Items are rated on a 5-point scale and yield subscale scores that are scored such that a higher score on the Donor reactions S Labott and A Pfammatter subscale indicates the more positive side of the dimension; similarly, the total score indicates the extent to which the overall relationship is positive. Factor analysis yielded two main factors, corresponding to the positive and negative aspects of relationships, and internal consistency for the total score is 0.90. 12 Participants also responded to one item that asked them to estimate the amount of time they spent alone with the recipient in the past week.
Mood. The Profile of Mood States short form 13 consists of 37 adjectives; each is rated on a 5-point scale. Scores are summed for each of the six subscales, and a Total Mood Disturbance (TMD) Score is calculated by summing scores on the subscales of depression, confusion, tension, anger and fatigue, and subtracting the vigor score. Higher scores indicate greater mood disturbance. Internal consistency reliabilities for the subscales range from 0.80 to 0.91. 13 Depression. The short form of the Beck Depression Inventory (BDI) is a 13-item screening questionnaire for depression.
14 Split-half reliability is 0.93.
14 The short form is significantly correlated with the long form (r = 0.89-0.97) and scores also correlate with clinician ratings of depression (r = 0.55-0.67). 15 Ambivalence about donation. Using a scale developed by Simmons et al., 16 for use with kidney donors, this 7-item scale has been used in research on unrelated bone marrow donors. 1 These items measure ambivalence about donation (for example, How hard a decision was it for you to decide to donate? I sometimes wish the transplant patient was getting stem cells from somewhere else instead of from me). Several possible responses are provided for each item, and they are scored so that for each item, 0 = no ambivalence and 1 = ambivalence. The higher the total score, the greater the overall ambivalence reported by the donor. Cronbach's alpha in the kidney and bone marrow samples was 0.78. 1, 16 Donation experience. Developed by Butterworth et al.,
17 the individual's reactions to the donation itself were measured on an 8-item scale. For example, donors are asked how stressful and painful the donation was, if they felt prepared, and if they would donate again. An overall score is not derived, but individual items are reviewed to understand the donation experience.
Guilt and responsibility. Two items, each rated on a 3-point scale, were developed by Butterworth et al. 10 to assess the donor's feelings of guilt and responsibility. For the present study, they were phrased to assess anticipated feelings of guilt and responsibility, (that is, Will you feel responsible (or guilty) if the stem cells you donated do not work?). Responses were very responsible (or guilty), Somewhat responsible (or guilty) and Not at all Responsible (or guilty). Items were scored so that a higher score indicated more guilt or responsibility, and the individual items were examined separately in the analyses below.
Recipient health. Donor's rated their opinion of the recipient's health using a Karnofsky performance status scale. 18 This was a rating on a 10 (dying) to 100 (normal; no evidence of disease) scale.
Better person. This 10-item scale, developed by Simmons et al., 16 was developed to measure self-esteem in kidney donors. Items were adjusted for use with stem cell donors. Donors are asked to what extent they feel like a 'better person' for having donated (for example, donating stem cells makes one feel like he/she is somehow a bigger and more worthwhile person; rated on a 4-point agree-disagree scale). Items are scored so that higher scores indicate higher self-esteem because of donation. In the initial study of kidney donors, Cronbach's alpha = 0.72. 16 Table 2 . Here it can be seen that 43% of the donors were white, with 36% AfricanAmerican. Fifty percent of the donors were male, and most were married (61%). The average age was 48 years old, and the average education was 13 years. Protestant was the most common religion (36%). All donors were siblings of the recipient, and most (61%) were donating to sisters. The most common diagnosis of the recipients was leukemia (54%). The median distance between the homes of donors and recipients was 53 miles (range: 0-3000).
RESULTS
Characteristics of the donors are shown in
At Time 1, donors did not report significant amounts of either depression (BDI X = 2.08) or mood disturbance (TMD = 0.65). The mean ARI score (91) and range (28-116) are similar to those reported in a previous study of psychometric properties of the ARI 12 suggesting that our donor-recipient relationships represented a typical range of closeness. T-tests for these variables comparing male and female donors yielded no significant differences.
Also at Time 1 (pre-donation), the average rating of the recipient's health was 74.1. This was on a 10-100 scale, with 70 = 'cares for self. Unable to carry on normal activity or to do active work' and 80 = 'normal activity with effort. Some signs or symptoms of disease', suggesting that donors felt the recipients were not at their normal baseline before transplant, and there was evidence of disease as well as some impairment in activities. Yet, this rating does not indicate dramatic impairment or illness. At Times 2 and 3, the average rating of the recipient's health improved (for those recipients who were still living), although only slightly (Time 2: 77.9; Time 3: 79.2).
The main question of this research was how the donorrecipient relationship relates to the donor's emotional reactions. Correlations were run to determine the association between relationship quality (ARI total) and depression (BDI), mood disturbance (TMD), guilt and responsibility at Time 1. The ARI total and several of the ARI subscales were significantly correlated with anticipated guilt and responsibility ( Table 3 ). The total ARI score was negatively correlated with both guilt and responsibility, indicating that better relationship quality was associated with less guilt and responsibility if the stem cell transplant 'did not work. ' Similarly, for all the other significant correlations with the ARI subscales, the more positive relationship dimension was associated with less guilt and responsibility. Specifically, less responsibility was associated with better listening, greater acceptance, less control and increased autonomy in the relationship. Similarly, less guilt was associated with less hostile control, less control and increased autonomy. Correlations between ARI and BDI and ARI and TMD were not significant, indicating that relationship closeness was not associated with depression and mood predonation. Finally, there was no significant relationship between self-esteem (better person scale) and either guilt or responsibility at Time 1.
At Time 3, these correlations were again examined and presented a different picture. That is, 1 year after the recipient's infusion of stem cells, relationship quality was significantly correlated with depression (r(8) = À 0.72, P o 0.02) and with mood disturbance (r(8) = À 0.71, P o 0.03), such that better relationship quality was associated with less depression and mood disturbance. Also, at Time 3 relationship quality and the relationship subscales were not significantly related to responsibility and guilt, but both responsibility and guilt were significantly correlated with self-esteem (as measured by better person scale; responsibility: r(11) = À 0.63, P o 0.03; guilt: r(11) = À0.63, Po 0.03). That is, higher self-esteem was associated with less guilt and responsibility.
A paired t-test was used to evaluate changes in the ARI total score from pre-donation (Time 1) to 1 year post infusion (Time 3), for those donors whose recipient remained alive at Time 3. There was not a significant change in relationship closeness over this time period t(9) = À 0.819, P = 0.43. Similarly, a paired t-test was performed to determine whether there was any change in the amount of time the donor and recipient spent together from Time 1 to Time 3; the result was not significant t(12) = À 0.522, P = 0.61.
The mean score on the Ambivalence scale was 1.18, indicating very low ambivalence about donation. These scores were not normally distributed, with 54% of the donors indicating no ambivalence at all, while three donors acknowledged significant ambivalence (5-7 on the 7-point scale).
Participants rated their donation experience on eight items at both time points after donation (30 days and 1 year post infusion). To compare our donors' responses to those in previous work, 17 these items were examined individually. Donors found the donation experience to be 'not very' or 'not at all' stressful (67% and 77% at 30 days and 1 year, respectively), and most denied any worry about their health (over 80% at each time point). Over 75% reported feeling totally prepared for the donation (at each time point), and none reported feeling unprepared. A majority reported that the pain they experienced and the overall emotional experience were about what they expected. Over 80% of the donors reported they would donate again, and 100% reported they would encourage someone else to donate stem cells. Overall, our donors were largely comfortable, both emotionally and physically, with the donation experience, they would consider donation again in the future, and they would encourage others to donate also. Importantly, their reactions to the donation experience were stable over the 1 year post donation.
To analyze changes in depression (BDI) and mood disturbance (TMD) over time, two separate repeated measures analysis of variances were performed using scores from all three measurement points. Neither yielded significant results, indicating that depression and mood did not significantly change from predonation to 30 days post infusion to 1 year post infusion (BDI: F (2,13) = 0.72, NS (not significant); TMD: F(2,13) = 0.26, NS). A similar analysis was run for the Better Person scores at the three time points, and this result was also not significant (F(2,14) = 0.31, NS).
DISCUSSION
One of the major contributions of this research is the finding that the donor-recipient relationship did play a role in the psychological reactions of the donors. Although there is little a donor can do to increase the likelihood of a successful transplant for the recipient, a better relationship with the sibling recipient seems to allow donors to avoid some of the potentially negative emotional consequences that might be expected if the recipient's health declines.
We utilized a quantitative measure of relationship closeness, and assessed that relationship twice-once pre-donation (Time 1) and again a year after the recipient's infusion of the cells (Time 3). Of note, at Time 1, donor perceptions of the closeness of the relationship and of specific positive characteristics of the relationship (for example, greater autonomy, less control) were associated with less expected guilt and feelings of responsibility if the transplant did not go well for the recipient, but the donorrecipient relationship was not predictive of depression or mood disturbance. This was in the context of donors feeling that the Donor reactions S Labott and A Pfammatter recipients were doing fairly well medically. But these results suggest that, if the transplant was unsuccessful, those donors with better relationships with the recipient would experience fewer negative psychological effects (that is, guilt and responsibility) than those with poorer relationships. At Time 3, the relationships among these variables changed, such that a better donorrecipient relationship was associated with less depression and mood disturbance, but was not associated with responsibility and guilt. Again, a better relationship seemed to protect sibling donors from negative psychological effects (in this case, depression and mood disturbance).
Our donors did not describe significant changes in their relationship with their sibling recipient from pre-donation to 1 year post infusion. Other researchers 5, 6 have reported improvements in the donor-recipient relationship after transplant; this inconsistency is perhaps due to differences in the way closeness was measured (that is, our study used a quantifiable 30-item measure, whereas others used either one item 6 or qualitative methods 5 ). Although it is difficult to definitively conclude what occurs in the donor-recipient relationship over time at this point, it can not be assumed that the donation experience will improve the relationship.
Although there are always concerns about emotional problems that may be experienced by donors, our results showed that the donors did not evidence any significant problems with depression or mood either before donation or for the year afterward. This is consistent with findings of Chang and McGarigle 19 in which donors showed no significant changes in depression when assessed at time points similar to ours. Overall, this cohort was well-adjusted, and seemed to manage a very stressful situation (that included both their own issues during the donation process and also expected concerns about a sibling who was very ill) in healthy ways. Further, our donors reported very little ambivalence about donating their stem cells to a sibling, consistent with previous research. 6, 17 They also had generally positive reactions to the process, that is, they reported little stress and worry, felt generally prepared, and would also encourage others to donate. These donors were screened thoroughly by the medical team for contraindicating medical issues, and they were also well-informed about what to expect throughout the process. It is likely that these factors helped them to feel informed, maintain normal moods and avoid depression.
These findings do suggest some practical implications for clinicians who work with related donors. First, adult donors should not expect that depression, mood, self-esteem or relationship quality will be changed by the donation process. Yet they can expect that a good relationship with the recipient may buffer them from feelings of guilt and responsibility during the initial part of the donation process and from depression and mood disturbance later. In addition, although it may not be possible at times, repairing or improving the donor-recipient relationship before donation could be helpful for the psychological state of the donor, especially if the transplant is unsuccessful.
It should also be noted that, as with other studies of related donors, our sample was small. However, our sample was quite varied for its size, with both genders, several races and a broad age range represented. Studies of unrelated donors have enjoyed much larger sample sizes, but the findings have overall been quite consistent with the smaller studies of related donors.
Although this and other research have begun to address relationship issues in sibling donors, other relationships might be associated with different or more intense emotional reactions, such as in the case of parents donating to their children-these relationships require more study. In addition, future research would do well to delineate any additional issues for donors that develop as medical procedures continue to become more sophisticated.
